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uescr ipuwi i * it ex vivo 

roooi] This invention relates to composes 

v vo. More preferably, the invention ^^^^^t ° r semi-replicating retrovira. construct, 
using replicating or semi-replicatmg v.ral j ^' J^J^^^ gg^^jcgiiy modified cells which contain said constructs, 

^invention also rentes of S^SStK and Lhods for the delivery of any selected poly- 

such as packaging cells, as well as he use or ine £ diagnostic applications. 

nucleotide to a cell, for experimental p ^J**** in 4 rious biotechnology and pharmacology areas, 
[0O O2] The delivery of nucleic acids o cells find ; ^ajons « « as well as diagnos t,c. Gene 

such is experimental research, clinical ^^^^^^ZL, for instance, as well as to produce stable 
delivery in vitro can be used to ° ene de.ivery enables the construction of transgenic 

recombinant cells for screening purposes. ^"J*^^ prophy , a ctic treatments of mammals, .nclud.ng 
Lnimals the study of gene regulation, as well as therapeutic ««PPJ d jn the llterature , 

humi, bigs, in'this regard, increasing amounts polypeptides. These approaches 

-£*t»^ 

reaction. , . = nnP of the most successful methods to introduce a nucleic acd into 

r00031 The use of recombinant retroviruses .s one of the ^mos sue ^ ^ ^ fesearch 

Sg cells, in v*ro, in v*o or ex vivo. This ^^*^^^^fo,1h. wn-uc*«o< hematopoietic 
and clinical applications. In this regard, ,n ^^^^^ lymph ocvtes (Bunnell et a.., Proc NatLScL 
progenitors (Nolta et al„ Exp. Hematol. 20 ^ 1 <*» „' '' Gen jher. 9 (1998) 2595-2604; Caruso et al.; PNAS 
USA 92 (1995) 7739-7743), tumor cells (Klatzmann et al B ^- G ^ q we delivery vehicle In vivo, in human subjects, 
90 0 993 7024-7028). etc. Retroviruses 

for clinical applications (treatment of cancers, ^^T^ autoimmune diseases, etc.), etc. 
treatment), immune disorders (e.g., gratt versus host au^m ^ ^ g 

[0004] Recombinant retroviruses which have been , usee i n prop agation upon infection of com- 

modrfied to be rendered defective, I.e.. to avoid "P'^^.^^pect most recombinant retroviruses are cre- 
dent cells, in the absence of trans-complementing J^^^^ wHh a nucleic acid of interest. The 
ated by replacing, in the recombinant ^^^^^^^ cel., which produces the complementing 
recombinant, defective retroviruses are prepared « a so <*^™™ J for instance PA3 17 (Miller et Butt- 
^nrtions encoded by gag, pol and env. Examples of such packaging I ceu » orG P+EnvAm12(Markowitz 

^ (SSaol 6 T(1 986) 2895), PsiCRIP (Danos et Mulligan. PNAS 85 0^>«"«^ descr ibed for instance in - 
r a ; w " 67°1988) p. 400). Other ^ ^1^ 

sees alv - blv - mmtv or RSV ,or ,n - 

tZTT^nmoses such as HIV, S.V or CAEV, tonns^ jn Qnjer tQ avojd 

££q t is generally admitted that the gene del^ery "^^^^ which have been used to date 
Terse effeel upon administration in 

essentially lack all of the viral proteins gag, pol *nd env The same c one & ^ ^ ^ fQt ms{ance 

which are" currently being used, such as ^^^u^n efforts are being made to produce 

vectors are devoid of the rep and cap coding .region^ ^ js m „ need tor a ,temative 

Sies H rrr y = 

concept comprises delivering to a cell, in v*«^™o_ or ^ ^ tnat create in 

elements allowing said cell to produce a recombinant v-rus^Th's me therapeutic or toxic genes 

rrecombinant virus producing cells. ™^^^^SLn et a.., PNAS 93 (1996) 4175-4180). 
in vivo, or to prepare vaccine compositions (see PCT/FR 97 * jcular A avojds the need for pack- 



in vivo, etc. 
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[0008] The instant invention now provides a novel approach tor gene delivery into cells. This approach is based on 
the use of replicating or semi-replicating viral constructs to deliver genes in vitro, ex vivo or in vivo In contrast with all 
pnor existing methods, which where based on the use of replication defective viral constructs, the instant invention 
now stems from a new and original concept of using replicating or semi-replicating viral constructs, in particular repli- 
cating or semi-replicating retroviral constructs, for in vivo, ex vivo or in vitro delivery of polynucleotides The instant 
invention shows that such constructs can be made in high quantity and quality and efficiently deliver and express any 
gene or nucleic acid of interest into cells in vitro, ex vivo or in vivo. 

[0009] The instant invention therefore relates to methods and compositions for polynucleotide delivery into cells in 
vrtro ex vivo or in vivo. More particularly, the invention relates to compositions comprising replicating viral constructs 
and their use tn dehvenng polynucleotides to cells. The invention also relates to compositions comprising semi-repli- 
catmg recombinant viral constructs and their use in delivering polynucleotides to cells. In other aspects the invention 
also resides in packaging cells which produce replicating or semi-replicating recombinant viruses, and uses thereof. 

The use of replicating viral constructs 

[001 0] As indicated above, in one embodiment, the invention resides in replicating viral constructs and uses thereof 
in particular replicating retroviral constructs and uses thereof. 

[001 1] Numerous systems of retroviral vectors have been developed for gene delivery and gene therapy in the past 
decade. The main advantage of these systems is seen in the ability of these vectors to stably integrate into the hosts 
genome. In this regard, retroviruses such as MoMLV, selectively infect dividing cells, and are therefore considered as 
promising vectors for the transduction of proliferating cells (i.e.. tumor cells, proliferating lymphocytes etc ) Alterna- 
tively, retroviruses such as lentiviruses can infect also non-dividing cells and thus can be used as vectors to deliver 
genes to quiescent cells. For instance. MoMLV-derived retroviral vectors can be used to deliver genes to proliferating 
cells such as tumor cells or hematopoietic cells (in particular activated T lymphocytes), with the objective of destroying 
or modifying said cells. Lentivirus-derived vectors may be used to deliver polynucleotides to quiescent cells such as 
fibroblasts or muscle cells (in particular smooth or skeletic muscle), especially with the objective of raising an immune 
response agamst specific antigens or groups of antigens. Depending on the target cells or treatment conditions these 
vectors, however, do not always provide sufficient transduction efficiency, and several approaches have been devel- 
oped in order to address this aspect (strong promoters, targeted vectors, ex vivo gene transfer, etc ) The instant 
invention now provides a novel approach to improve the transduction efficiency of retroviral vectors This approach is 
based on the use of repl.cating-viruses, which retain the ability to spread in the target cell population, tissue or organ 
[0012] Within the context of the present invention, the term "replicating" means that the constructs) which are being 
used contain the genetic elements necessary for production of replicating recombinant viruses, i.e recombinant vi- 
ruses which are capable of replicating in the absence of any trans-complementing function, and therefore to spread in 
the target cell population, tissue or organ. These recombinant viruses are also termed replication-competent 
[0013] It is known that the genomic organization of retroviruses comprises essentially the following elements: 

- a LTR ("Long Terminal Repeat") region, located at each end of the genome, and functioning as the origin of rep- 
lication and transcriptional promoter region. Each LTR region is composed essentially of three functional regions 
termed U3, R and U5, U5 and U3 being involved in the provirus integration, 

- a packaging sequence ("Psi"), involved in the packaging ol the proviral genome in the viral particle 

- three coding regions, designated gag, pol and env, coding the core proteins (gag), the enzymes (reverse tran- 
scriptase, protease, integrase) and the envelope glycoprotein (env). 

[0014] in a general way, a replicating retroviral construct according to the present invention is therefore any construct 
(e.g., a nucleic acid, a plasmid, a virus) comprising at least functional gag, pol and env genes, as well as a polynucleotide 
to be delivered to cells. More specifically, the replicating retroviral construct according to the present invention com- 
prises (.) functional gag, pol and env genes, (ii) a polynucleotide to be delivered to cells, (iii) a retroviral packaging 
sequence and (iv) at least one retroviral LTR sequence. These elements are also referred to in this application as the 
so recombinant, replication-competent retroviral genome. 

[0015] With regard to lentivirus, their genome further comprises additional coding or regulatory sequences such as 
vif, vpr, vpu, vpx. rev, tat, and nef. A replicating lentivirus-type retroviral construct of the instant invention would thus 
preferably compnse elements (i) - (iv) listed above as well as (v) functional vif, vpr. vpu. vpx, rev, tat and nef sequences 
or only a part thereof necessary for replication of the viral genome. 
ss [001 6] A replicating retroviral construct according to the present invention is therefore any construct (e g a nucleic 
acid, a plasmid. a virus) comprising at least a replication-competent retroviral genome, as defined above 
[001 7] Wrthin the context of the present invention, the expression 'polynucleotide' designates any nucleic acid mol- 
ecule whose delivery to a cell, culture, tissue, organ or organism is desired, as will be discussed below This term may 
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(i) a retroviral 5' LTR region 

(ii) a retroviral packaging sequence 

(iii) functional gag, pol and env genes, and 

(iv) a retroviral 3' LTR region, 



said genome further comprising a .elected poiynucleotide inserted in a region ot said genome *ch do not 
, h eonv e ^o,~ r i,„s.S i ~^ 

as a membrane protein aiding targeting <* the " monTpTeferabJ h„r»n cells. In 

roviral genome comprising the following elements, in the 5' -> 3* order. 



(i) a retroviral 5' LTR region 

(ii) a retroviral packaging sequence 

(iii) functional gag, pol and env genes, 

(iv) a polynucleotide, and 

45 (v) a retroviral 3' LTR region. 
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instant invention, by verifying expression of the polynucleotide. In this respect, the structure and general properties of 
splice acceptor sites, in particular retroviral splice acceptor sites, are known to the skilled artisan. Splice acceptor sites 
are found in the genome of all retroviruses, between the pol and env genes. These splice acceptor sites regulate 
transcription of the env gene from the 5'-LTR Any splice acceptor site can therefore be used in the instant invention, 
such as a DNA fragment of a different size containing the splice acceptor, a synthetic sequence : or a corresponding 
region from another retrovirus. In a preferred embodiment, the splice acceptor site comprises all or a portion of SEQ 
ID NO:6, or a variant thereof. More preferably, the splice acceptor site is a nucleic acid fragment comprising the se- 
quence of position 437 to position 802 of SEQ ID NO: 6, or a variant thereof. Even more preferably, the inserted nucleic 
acid comprises the sequence of position 532 to position 540 of SEQ ID NO: 6, or a variant thereof. In preferred em- 
bodiments the inserted nucleic acid comprising the splice acceptor site comprises less than about 1,5 kb, even more 
preferably, about 1 kb or less. 

[0026] Furthermore, as another aspect of this invention, the duplication of a retroviral (e.g., the MoMLV) splice ac- 
ceptor region results in a tandem repeat, flanking the env gene (Figure 3). Deletion of genomic sequences due to 
repeated sequences in the retroviral genome has been described previously. Altering the size of the repeated regions 
within such a replicated vector is proposed as a means to control its virulence by targeted destabilization of the viral 
env gene without affecting the expression of the gene of interest. In this regard, this embodiment therefore creates an 
attenuated replication-competent retrovirus (Sorge et al., J. Mol. Appl. Genet. 1 (1982) 547 • Hugues et al Viroloqv 
136(1984)89). 

[0027] Alternatively, because deletion of the polynucleotide from the replicating genome may also be observed, the 
invention also proposes to use any such deletion event as a further means to control viral spread. In particular, by 
rendering viral replication dependent from the presence of the polynucleotide, it is possible to take advantage of any 
possible deletion event affecting the polynucleotide. In a more particular embodiment, the replicating viral construct 
comprises a modified LTR region, which is active in the presence of a polypeptide encoded by (i) the viral construct 
itself or (ii) another viral construct. 
25 [0028] More particularly, a specific object of this invention resides in a replicating viral construct, wherein said viral 
construct comprises a modified LTR region which is active in the preence of an activating polypeptide, and wherein 
said viral construct comprises a polynucleotide encoding said activating polypeptide. Even more preferably, the acti- 
vating polypeptide is encoded by the same polynucleotide that encodes the product whose delivery is sought. The two 
polypeptides may be produced as a single, fusion molecule, that may be cleaved within the cells upon expression, for 
30 instance by digestion of a cleaving site introduced between said two polypeptides. Alternatively, the two polypeptides 
may be produced as two separate molecules, the respective coding nucleic acids being fused by means of IRES for 
instance. In these embodiments, any deletion event of the polynucleotide creates a replication-defective viral construct 
and thus avoids dissemination thereof. In a further preferred embodiment, the activating polypeptide is expressed from 
the viral construct under the control of a regulated or (tissue or cell) selective promoter, to further control viral replication. 
35 Examples of such promoters are described later in this application. 

[0029] The activating polypeptide may be any transactivator molecule, such as a tetracycline responsive trans^ac- 
tivator or the HIV Tat/tar system, or any other transcription activating molecule, preferably of non-human origin, to 
ensure higher selectivity of the system. The modified LTR may comprise the operating sequences to which the trans- 
activator binds, thereby activating expression from the LTR. Said operating sequence may for instance be inserted in 
40 replacement of all or part of the U3 region of the LTR. The operating sequences may be inserted in one or several 
tandem copies, for instance between 1 -8 copies, more preferably 1 to 5. The tetracycline operator sequences (TetOp) 
can be prepared by the skilled artisan using conventional techniques. In this regard, another aspect of the present 
invention also resides in a modified retroviral LTR, wherein said LTR comprises a transcription activator operator se- 
quence in replacement of all or part of the U3 region. 
45 [0030] As will be further described below, the activating polypeptide may also be expressed by a separate viral 
construct, in particular in the case of semi-replicating viral constructs. In that situation, not only are the viral constructs 
dependent from each other with regard to the nature of the proteins produced, but they are also dependent for activating 
expression thereof. 

[0031] While insertion of the polynucleotide 3' of the env nucleic acid encoding region as described above represents 
so a preferred embodiment of this invention, it should be understood that other insertion sites or strategies can be used. 
More particularly, within the replicating viral constructs of the present invention, the polynucleotide may also be inserted: 

5' of the env gene, the second splice acceptor site being used to regulate env protein expression, or 
3' of the envelope gene, as a bicistronic unit therewith. More particularly, an IRES sequence (Internal Ribosome 
Entry Site) can be inserted between the env gene and the polynucleotide, to ensure co-expression of said region 
from the 5'-LTR, 

3' of the envelope gene, but in the opposite transcriptional orientation. In this embodiment, transcription of the 
polynucleotide is controlled by an internal promoter region contained in the polynucleotide which, as described 
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later mav be a regulated and/or cell or tissue selective promoter. «..„.„ ae 

- Although less preferred, the polynucleotide may also be present into other locat,ons of the v.ra. genome, such as 
for instance in the U3 region of the LTR sequence. 

s r00321 Preferred replicating viral constructs or genomes of this invention, and, in particular, preferred retroviral cor^ 
sSorgenomesofthisinventioncomp 

to eel's, (ii) a retroviral packaging sequence and (iv) at least one retroviral LTR sequence, are further charactenzed « 
that: 

10 - they encode a modified envelope protein having a modified host range (i.e., retargeted envelope), and/or 

- thev encode a modified envelope protein comprising a selected epitope, and/or 

- they comprise a modified LTR sequence that is active in the presence of an activating polypeptide, and/or 
the polynucleotide encodes aGal4, and/or 

- the polynucleotide encodes an immunogenic polypeptide or a cytokine, and/or 
is - the polynucleotide encodes a (conditionally) toxic molecule, and/or 

- the polynucleotide comprises a regulated or selective promoter. 

[0033] These characteristics can be present within the viral constructs of this invention as any combination thereof. 
Preferably, at least one or two of said features are present within the constructs. 

f0034] As indicated above, the replicating (retroviral constructs of the present invention can be a nucleic acid, a 
Dlasmid a vector or a virus, for instance, comprising the above-disclosed genome. M ■ a a 

?003S] ' In one embodiment of the present invention, the retroviral construct is a retroviral vector or plasm* i.e., a 
linear or circular nucleic acid (RNA or DNA) comprising a recombinant replication^ompetent (retroviral genome as 

roOM ^cordingly in one aspect, the invention resides in a plasmid comprising a recombinant replication^ompetent 
eTro! al^rl as defined a'bove, as well as in any composition comprising such a plasmid. The invents ateo 
resZ L a method for delivering a polynucleotide to cells, comprising contacting said cells (culture, tissue, organ, 
etc \ in vitro ex vivo or in vivo with said plasmid or composition. 

rO037] This embodiment is advantageous since plasmid or vector constructions, manipulations and production can 
bV performed in any surtab.e host cell, according to conventional recombinant DNA techniques. For instance, , .a 
particular embodiment of the present invention, the retroviral construct is a plasmid comprising a recombmnt ^reph- 
SSrJpeterrt retroviral genome as defined above, and an origin of replication functional in a host cell such as a 
pS^r C ofLkaryotic host cel.. The plasmid can therefore be prepared in any convenient host cells -ch - bactena 
(e g E coli) or yeast cells (e.g., saccharomyces, kluyveromyces, etc.), and there » no requ.remen for a stab e pack- 
aqinq ce'l ne a confined environment, complex purification methods, etc. In a particular aspect of the invention, the 
p?asmid IS f ur^her comprise a marker gene, further facilitating the construction, manipulation and production thereof 

Tools]' Another advantage of this embodiment of the present invention is that high levels of plasmid transduction are 
Sot required to obtain efficient gene delivery. Indeed, upon contacting with the cel., cutture. tiss ue. ■ orgjaor he like 
the Plasmid or vector penetrates into the cells and allows the recombinant retroviral genome to be replicated (usuaHy 
SteSration thereof into the host genome). The replicated recombinant retroviral genome is then Packaged into 
Sroviral particles, which are formed by assembly of the core and envelope protems expressed from the functional 
gag Ind env genes, and subsequently released outside of the transduced cells. Considering the rep .cation and pack- 
aqfnq effiaency of retroviruses this method allows the production of large amounts of recombinant replica .on-com- 
S, S particles from one plasmid or vector incorporated into one cell. In this regard, the examples which 
S ow ^^SySmonstrate efficient propagation of the recombinant retrovirus. Accordingly, even where the imt-a. con- 
Sq^p is not improved oroptimLd, this method allows the production of large amountsof .nfect.ous, recombinant, 
repllcattn Competent retroviral particles which can spread and infect surrounding cells and allow high po.ynuc.eot.de 
trancifpr efficiencv in vitro, ex vivo or in vivo. 

™ 3 9] The Mention therefore also resides in methods of delivering a porynucleotide to a cel., in vrtro ex vivo or in 
vivo comprising contacting said cell with a plasmid or composition as described above. The .nvent.on also resides .n 
Z us^f a p^smid or composition as described above for the preparation of a composition for del.ver.ng a polynu- 

rleotide to a cell in vitro, ex vivo or in vivo. 

100401 in a particular embodiment, the contacting step can be performed in the presence of any agent or reatment 
known to facilitate cell transduction. In this regard, various transfecting agents have been reported ,n »terature. 
Sas liposomes, cationic lipids, peptides, polymers, etc. , as well as physical treatments such as e ectnea. f^ld gene 
oun ba.iL methods, and the like. Any such treatment and/or method can be applied to the mrtia. contact.ng step m 
Sr to ,u rt h er jncre ase the transduction of the plasmid, if appropriate. Atternatively. the contact.ng step can be per- 
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formed with naked ON A plasmid compositions, especially for intramuscular gene delivery. Obviously, any other method, 
agent, treatment or condition known to improve the contacting step can be used in performing the instant method. 
[0041] In particular embodiments, the contacting step can be performed by liposome-, cationic lipid-, polymer- or 
peptide-mediated transfection. 

[0042] In another particular variant of the invention, a replication-defective virus is used to deliver the above vector/ 
plasmid or, more generally, the replicating viral genome, to the cells. In this regard, the retroviral genome (or vector/ 
plasmid) can be inserted in a defective adenoviral or AAV vector, an herpes amplicon, a vaccinia virus vector or the 
like. The initial contacting step thus involves the infection of the cell, culture, tissue or organ with the corresponding 
virus (e.g., adenoviruses, AAVs, HSV, vaccinia) for instance. 

[0043] According to another embodiment of the present invention, the replicating retroviral construct is a recombinant 
retrovirus comprising the recombinant, replication-competent retroviral genome as defined above. 
[0044] Another object of the instant invention therefore resides in a replicating retrovirus comprising a recombinant, 
replication-competent retroviral genome as defined above, as well as in any composition comprising such a retrovirus, 
and uses thereof. More preferably, in the replicating genome, the polynucleotide is inserted outside of the LTR se- 
quences, preferably 3' of the encoding region, even more preferably, downstream of a splice acceptor site. 
[0045] In another preferred embodiment, the replicating retroviral gene encodes a modified env glycoprotein, e.g., 
a retargeted env protein with modified tropism, in particular allowing preferential infection of selected cell population 
(s), tissue(s) or organ(s), and/or an immunogenic env protein (containing a selected epitope) as will be discussed in 
more detail below. 

[0046] Obviously, in a particular embodiment, the replicating retroviral genome may combine the above two features, 
as well as others which will be described later in this application. 

[0047] If desired, the recombinant retrovirus comprising the recombinant, replication-competent retroviral genome 
can be produced in vitro, either by transient transfection of a competent cell with the retroviral construct, or from a 
corresponding stable packaging cell line, i.e., a population of cells comprising, integrated into their genome the repli- 
es cation-competent retroviral genome as defined above. 

[0048] In vitro production by transient transfection can be accomplished as described above, by contacting a com- 
petent cell population with a retroviral vector or plasmid comprising a replication^competent retroviral genome, followed 
by recovery of the recombinant retroviruses produced. Competent cells can be for instance any mammalian or insect 
cells, which can be grown in culture, do not exhibit known significant pathogenic activity and can replicate a retroviral 
30 genome. The cell can be established as an immortalized cell line, or a culture of primary cells. More preferably, the 
competent cell is a mammalian cell, such as a rodent cell, a primate cell or a human cell. Specific examples include, 
fibroblasts (such as NIH 3T3), retinoblasts, kidney cells (e.g., 293 cells) and the like. Other examples of competent 
cells or cell lines have been described in EP 243 204, WO 89/07150, WO 90/02806 or WO 93/10218 for instance. 
[0049] Alternatively, as mentioned above, a packaging cell producing a recombinant replication -competent retrovirus 
35 of the present invention can be prepared. For this purpose, a population of competent cells established as a cell line 
is contacted with a retroviral vector or plasmid comprising a replication-competent retroviral genome and, optionally, 
a marker gene. Clones of competent cells having stably integrated the retroviral genome can be selected and subcul- 
tured. Cell banks can then be prepared, including master cell banks, controlled by various techniques such as PCR 
for stable integration of the recombinant retroviral genome, and stored under appropriate condition. Within the context 
of the present invention, stable integration of the genome means that the recombinant retroviral genome remains 
integrated within the host cell genome over at least 20 generations (i.e., over 20 cell divisions). Production from such 
packaging cells comprises (i) culturing the cells in appropriate medium and conditions to allow replication of the genome, 
expression of the core and envelope proteins, packaging and release of the retroviruses, (ii) followed by recovering of 
the viruses produced. 

45 [0050] In this regard, another object of the present invention resides in a retroviral packaging cell, wherein said 
packaging cell comprises, integrated into its genome, a recombinant replication -competent retroviral genome, as de- 
scribed above. As discussed before, previously described retrovirus packaging cells produce replication -defective ret- 
roviruses. In contrast, the packaging cells as presently claimed allow the production of replicating retroviruses. 
[0051] Where recombinant viruses are being used, the contacting between the population of cells and the recom- 
binant retrovirus may be accomplished in vitro, ex vivo or in vivo by incubating the cells in the presence of a suspension 
of the retroviruses. The suspension can be a supernatant of a packaging cell culture producing the virus, or a dilution 
or concentrate thereof. The suspension can also be a partially purified supernatant, enriched for the viruses, obtained 
according to known methods (i.e., gradient centrifugation, chromatography or the like). The incubation is generally 
performed with a suspension of retroviruses comprising between 10 4 and 10 7 , more preferably between 10 4 and 10 6 
viral particles approximately, it should be understood that the precise amount of viruses per cell used in the method 
can be adapted by the skilled artisan without undue experimentation. Contacting may also be obtained by cocultivating 
the target cells, tissue, organs, etc. with packaging cells as described above (for in vitro or ex vivo uses) or by grafting 
said packaging cells in vivo, as described below. 
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proliferating cells, more preferably to tumor cells. 
The use of semi-replica ting viruses 

[00S3] According to another embodiment, the invention resides in the use of semi-replicating viral constructs, in 
v,ra construct -s secu ^ 

Sr in an other particular embodiment, the rep.icationOefective viral construct lack functional gag, po. and env 
Mematrvefy or in addition, the securized replicating vira, construct may comprise a modified envelope and/ 

i construct and (ii) a replication-defective retroviral construct lacking functional gag, pol and/or gene, 

of said retroviral constructs comprising a polynucleotide. roWira , constructs lacks at least one viral 

[0066] in another variant, each of the at least two trans^omplement.ng retroviral constructs 

gene selected from gag, pol and env. 
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[0067] In this regard, a specific embodiment of this invention resides in a composition comnri<;inn *t io ae t 
r^cating retroviral constructs, for simultaneous, separated or sequential J2*^3T2S ^s^Z 
eating rrfrovira. constructs transcomplement each other when present in a cel. and comprise a po^ot^e 
5 rrSS" T tW ? ° r | m0re retroviral constructs encod * or exhibit different envelope glycoproteins P °* nUC,e ° t,de Pref 
[0068] In particular, semi-replicating viral constructs comprise, in a preferred embodiment at least 2 different ro u^ 
v.ral constructs having the following characteristics: emrjoaiment, at least 2 different retro- 

* S2 ^ S3id | 8trOViral COns,ructs prises a recombinant retroviral genome, wherein said genome (i) lacks at 
» SynuTeotS 9Gne " re9Ubt0ry S6qUenCe *» ' M ,TOm «"» <*>' and «*> (^cimp^es a 

" , S n 3 a d cS 0mbinant re,r ° Vira ' 9en ° meS ° f Sald r6,rOViral C ° nStrUCtS t^s<omp.ementing each other when present 

5 M ° re P re,erab| y. the 2 or more different retroviral constructs are further characterized in that there is no sia- 
mficant sequence overlap between the viral genes gag. pol and env contained in each r^fcJSSl^SJS 
[0070] As w,ll be described below in more detai.s. the use of such semi-repHcating viruses ^3^8^ 
provides efficient delivery and spread of a polynucleotide to cells, in vitro, ex vivo or in STSh Z£Z!ZS£Z 
all previous strategies to modify viral genomes, which are directed at producing defec Je IE pw^TSeTZf 
rephcation^ompetent viruses, and avoiding or minting me risks and/or consequences of re^bS i 
mentation events, the invention resides in the use of semi-replicating viral constructs (which tra^^ms^S, 
t nSUre m °T effiCiem de ' iVery ^ Spre3d ° f 8 P°*«***» within the eel s, tJ^S^tTSL^S 

issr ement,n9 re,roviruses can be imp,emen,ed in ^ ^ «- - *~oi 9 r™ 

° f inVSn,k>n ' tW ° Semi -^ liCat ^ retroviral constructs are used, having 

- said first and second retroviral genomes trans^omplementing each other when present in a cell. 
[0072] More preferably, in the above two constructs : 

" Zz^:^^^~' 9enome ,acks si9nmcant sequence over,ap wfth ths ■■» - <*» 

!™iL Th ; S t System c l n be ex,ended to "entivirus-type retroviral constructs as disclosed before with further trans- 
complementations in additional coding or regulatory sequences 

40 AIS °' ^n^ 81 ^ SeCOnd P o| y nuc,eotides P^sent in the first and second retroviral genomes can encode the 

samejoressentallysimiter) products or. afternatrvefy, deferent products (i.e.. a cytokine and an I^S^X^ 

• ^ 9 ~et^^^ 

- the third sem.-rephcating retroviral construct comprises a third recombinant retroviral genome which (f) lacks aao 
genome, and (in) comprises a third polynucleotide, lewoviwi 

- said first, second and third retroviral genomes trans^omplementing each other when present in a cell. 

[0076] More preferably, in the above three constructs : 

" Ind ™> ZlT, ^ ,k 6 fT* ^ re,rOViral 9en ° mes ,ack s^^"' seauence ° V «^P with the gag 
and pol genes present in the first retroviral genome. ^ y 
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10077, Again, this system can be extended to ,entivirus-type retrovira, constructs as disc.osed before, with further 
transcomplementattons in additional coding or W£<^ e ^ a trun - 

[0078] In a particular and preferred embodiment, the first (or gp. for gag poi ) re ro a 

cated retroviral P o. DNA. More particularly, the gp retrov-ral ^^^^^S^^ genome. The 
'acksanyove^ 

the genetic stability of the constructs and the quality of the ^^^^^ sequence with eny and 
it is possible to prepare a truncated retroviral pol DNA, ^^.^^^^^^J^^ the gp retroviral 
still remains biologically active (US Patent Application serial n ^^V"^ ^^^j^|y g^j Ve retroviral POL protein 
constructofthepresent invention the^^ 

lacking between 3 to 50 amino acid residues at the C-term,nal ^ISml An example of the 3' end 

least of ^-'^j^ 

of such a nucleic acid is GGACCATCCTCTAfci itu iu w y d pQL encoding nucleic acids prepared 

SZ^JL****. t» sam^pMing ,.,,ovi,a, co*n«. are earni-raptoring retrovirus -*» 

particular two MoMLV-darived n>»>4 <<* «™ "^™^^^«n^ni«i»9 each other v*.n 

r0082] The invention also relates to compositions comprising at least three « em rep. a retroviruS es 

a ceS m compS a polynucleotide and (iv) having a different envelope g.ycoprote.n. 
[0083] K ^respect . a Lt preferred variant of this invention is a composition compnsing. 

(a) a first retrovirus comprising a first recombinant retrovira, genome which (i) lacks an env gene and (ii) comprises 
comprising a second recombinant retrovira, genome which (i) -acks gag po. genes and (ii) 
comprises a second polynucleotide, 

FrrTh.s.rni-,.p.^r«^ 

aging c»s having ,lab ly Integrated eemi-repl.oat,ng <*"°™"££ genome eom- 
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retroviral genome, wherein said first retroviral genome is a semi-replicating retroviral genome which comprises func- 
t.onal gag and pol genes and lacks an env gene and said second retroviral genome is a semi-replicating retroviral 
genome which comprises functional env gene and lacks gag and pol genes. 

[0089] The above packaging cells can be prepared from any competent cell as defined above. These cells are pref- 
erably mammalian cells, in particular rodent or human cells. 

[0090] The invention also resides in compositions comprising a retrovirus packaging cell as disclosed above Indeed 
these packagmg cells can be used for producing replicating or semi-replicating retroviruses in vitro as well as in vivo' 
upon grafting in a subject. Accordingly the invention relates to a method of delivery a polynucleotide to a cell tissue 
or organ, ,n vitro ex vivo or in vivo, comprising contacting said cell tissue or organ with a composition of semi-replicating 
retroviruses as described above, or a composition of packaging or producing cells. Contacting with semi-replicating 
retroviruses. For m vivo uses, administration can be made by different routes, such as intratumoral. intramuscular 
intravenous, intraperrtonal, etc. when packaging or producing cells are used, grafting can be accomplished according 
to various techniques which have been used in clinical trials (injection, coating, etc.) in different areas (intratumoral 
cutaneous, intramuscular, etc.). The amount of cells to be grafted can be adapted by the skilled artisan depending on 
the polynucleotide, subject, etc. The skilled artisan may easily uses the information disclosed in Klatzmann et al (Hum 
Gen. Ther. 9 (1 998) 2595-2604) which is incorporated therein by reference. ' 
[0091] In another preferred embodiment, the compositions and methods use DNA constructs (such as plasmids or 
linear DNA constructs) to deliver the semi-replicating genomes. In a more preferred embodiment, the semi-replicatinq 
retroviral constructs are nucleic acid constructs (such as plasmids) with the following characteristics: 

(a) a first nucleic acid construct comprising, in two distinct regions (i) a first semi-replicating retroviral genome 
compns.ng funct.onal gag and pol genes, lacking an env gene, and comprising a first polynucleotide ■ and (ii) a 
nucleic acid region encoding a first env glycoprotein; and 

(b) a second nucleic acid construct comprising, in two distinct regions (i) a second semi-replicating retroviral ge- 
nome comprising a functional env gene encoding a second env glycoprotein distinct from the first env glycoprotein 
lacking gag and pol genes, and comprising a second polynucleotide ; and (ii) a nucleic acid region encoding func- 
tional gag and pol proteins. Obviously, regions (i) and (ii) of each nucleic acids (a) and (b) could be used as separate 
entities, as shown on Figure 8. Preferably, however, these 4 entities are used in the form of two plasmids (or 
plasmoviruses). Each plasmid (or plasmovirus), when introduced into a cell, produces a recombinant semi-repli- 
catmg retrovirus comprising the recombinant genome and expressing the corresponding envelope glycoprotein 
Said plasmids can be used in vitro, to produce the retroviruses, or to deliver the polynucleotide. The plasmids can 
also be used in vivo, to deliver the polynucleotide to target cells. 

[0092] Indeed, upon transfection of cells in vivo, each plasmid will induce replication and production of semi-repli- 
cating viruses. Following production of said viruses, every cell co-infected with both viruses will allow their replication 
thereby facilitating further propagation of the polynucleotide. Because of this transcomplementing effect this system 
is also termed °Ying-yang'. 7 
[0093] Of course, the system can also be extended to more than two retroviral constructs. For instance a third 
plasmid comprising a third semi replicating retroviral genome and a complementing gene may also be used in com- 
40 bination with the above two constructs. , 

[0094] In order to avoid or limit recombination events, it is preferred that the gag-pol and env genes present in the 
semi-replicating retrov.ral genomes lack significant sequence overlap. In this regard, a truncated pol gene as described 
above can be used advantageously. 

[0095] Furthermore, the first and second polynucleotides may encode essentially the same product in a particular 
embodiment, they encode different products. In this respect, one of the polynucleotides may encode a marker product 
or a toxic product (i.e., suitable to arrest the procedure if necessary or desirable). 

[0096] As explained before, these nucleic acid constructs (e.g.. plasmids) can be prepared by conventional tech- 
n.ques, as disclosed in US 08/696,941 for instance. Preferably, all the viral constructs used (whether plasmids viruses 
or any other molecule) are designed to express envelope glycoproteins with affinity for human cells. In this regard 
preferred envelopes are 4070A, RD114. 10A1 . GALV. VSV, VIH and derivatives thereof, in particular retargeted deriv- 
atives thereof. 3 

[0097] These semi-replicating viral constructs can be used in many different ways 

[0098] In a particular embodiment, they are used essentially simultaneously. For instance, a cell, culture tissue 
organ or the like is contacted with each of the retroviral constructs, essentially at the same time. For this purpose the 
retrov.ral constructs can be contained in the same composition, which is added to the cell, culture, tissue organ or the 
like, or .n separate med.um / compositions / devices, which are added essentially simultaneously to the ceil culture 
tissue, organ or the like. Essentially simultaneously indicates that there is no requirement for precise timing of the 
addition and that time differences are tolerated and do not affect the transduction efficiency of the instant invention 
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^^**ri with the cells thev penetrate into the cells and the retroviral ge- 
Once the retroviral constructs have been contacted with he cells/ tnev rpe constructs t rans<omplementation 

and spread in surrounding cells, tissues or organs nnn « rtl M* are use d sequentially, i.e. . at different point in 

10099] in another embodiment, the S,. 0 ;?^^^^^^!^^ retr0Vira ' 

time. For instance, a cell, culture, tissue organ or the ' h ^ ' 8 ^^^ f J e integrate s into the transduced 
constructs. The retroviral construct penetrates into ^^^SX^rt^ genome, for instance), 
cells' genome. Such a cell thus produces erther env-devo,ded viral caps* ' J™^ a » J^eo contain and express the 
or envelop proteins (with the second viral construct is 

d^^i^ 

viral genomes. The viruses^ 

^Accord^^ 

sequentially, to deliver polynuc.eot.des to a cel., c " to ™^£^%£ ^ and up to about 100% of a HCT116 

The polynucleotide 

[01 01] The instant invention can b e used to de.iver — >~ 

organism. More preferab. y , the pofynucleotide ^^^^^^^1 1 Preferred po.ynuc.eotides 
etc. The polynucleotide preferab.y compnses ^ th^ ma y additionally comprise 

to be used in the instant invention comprise ^T^J^^bZ the presence of such elements might not 
a promoter region or other expression signals although, as expiainea aoove, inn m 

be necessary to ensure proper expression. retroviral construct i e., does not originate 

[0102] Preferabhy. the polynucleotide is heterologous wAh ^ c may also 

rom the retrovirus used in the production of the c ° nstru f e GALV, etc.) or 

encode vira, or retroviral^ 

sss ss^^^.^~ ;rr n =iment, ^v^e > - env 

a HIV) and the frfilyniKl.otide encodes an imrn^^^^ polypeptide 
The ^ "oMM^av'e'hK^^ " 

thymidine kinase. eytosHe dewm.nase, or the like, or other baetenalloxins onus g ( 
polyn^leotid. ma, * ^^T^SS^J E£ arol — ««« 

RNAs, Ribozyme and the like. 
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Control of the virus spread 

£!2L ^ men , ,i0ne J betore " the inven,ion s,ems from a ne « concept of using replication^ompetent viral constructs 

5 SSSETJ 0 ; ln V T or ,n ln the prior art - eflorts have a,wavs been made in ° rder «° avoid reP iS 

T CCmPteX PaCka9i " 9 Ce,,S • hi9Wy de ' e,ed Viral COns,ruc,s ' ete >- ^ ne invention now claimsZt 

h T S ?" bS ,0 ' era,ed ' ^ tekeS advan,a 9 e 01 631(1 re P |ica,io " *» he— polynucTiSS 

delivery and I expression. It » indeed proposed that replication of some retroviruses (such as MoMLV^etroviruses) 

eSeSsZ f 7 Wa ?ZV Pa ?!'° 9k:al C ° ndHi0n " SUbj6CtS ' n PartiCU ' ar - 1 18 *« sucCteniTrdverse 

effects (.) are strongly balanced by the biological benefits obtained by this delivery system and (ii) can be conned 

by several methods and constructs (for instance where other retroviruses are behg used). to&^Ep£rj££ 

b^r=^ 

[0109] As a preliminary remark, it should be noted that certain retroviruses, such as MoMLV essentially infect dividino 
MtZTTnZ^ °' the ;f rOViral *™» co « d w « h MoMU, sequences is limited ^S^S^St 
1 S , , V ^ 6nd t0 quiescent ce,,s However . even where other retroviruses are used, such as lentivi- 

or constructs, either alone or in combination(s). 

[0110] In one particular embodiment, the virus spread is further controlled by retargeting the viruses Indeed the 
tropism of a retrovirus is determined essentially by the envelope glycoprotein. The retroviral surface protein SU of the 
envetope.sma in .y responsible for the binding of the virus to a specific cell surface receptor, and the TMsubunit triggers 

££2217* ? T membrane fUSi ° n and Vifal 6n,ry (Ra9h6b et al - J VW 68 (1994) 3207). ,t hasbeen 
disclosed that the envelope glycoprote.n can be modified, for instance to incorporate specific receptor ligand or receptor 
fragment, and that the resutting envelope proteins provide targeted infection of cells expressing said £££££ 
inZZT £ 0rde ; , ° 1 COntrol S P read of the vi ™^ h a preferred embodiment of the invention, the enve.ope proTefn 
encoded by the repl.cat.ng or sem.-replicating viral genomes has a modified tropism that retargets the specificity of 

for CD4, retroviral envelope proteins comprising a TM subunit fused to a peptide, such as a Hepatocyte Gowth Factor 
fragment Nguyen et a... Hum. Gene Ther. 9 (1998) 2469), as well as amphotropic envelope proteins 3 at S 
N-term.nal end, with ligands such as single chain antibodies, for instance 
30 [0111] Virus spread can also be controlled by the use of tissue specific and/or regulated (e.g., inducible) promoters 
In thSsT^H r .T7 arepar,icular| y active in P' eferred erth. tissues or organs and/or under certain conditions' 
In this regard, targeted express.on control can be introduced at various levels, depending on the structure of the viral 
constructs wh,ch are being used. For instance, where the polynucleotide comprises its own promoter reg on tarqeS 
expression of the polynucleotide can be accomplished by introducing a selective and/or regulated 
polynucleotide. Alternative*, where expression of the polynucleotide is controlled by the promoter regZof Z LTR 

the* ZZZ'a oToTS r T e R TR T" " 0rder J° ° 0ntor SSleCtiVe and/ ° r re9U,a,ed 6 ^ ession thereta rthil!espS 
the 3 U3 reg,on of the LTR can be engineered with any tissue selective/regulated regulatory sequence so that after 

o fraLprthi 1 n ,f 7 Pr0m0ter ° f TegU ^ re 9 ions can be used - «"* as promoter 

(or fragments thereof) allowing preferential and/or regulated expression in certain tumor cells (e g hepatocarcinoma 
colon carcinoma, ghoblastoma) or other abnormal* proliferating cells, including for instance cells th ESSSS 
or nervous system. Particular examples of selective and/or regulated promoters include for instance 
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the alfa-fetoprotein (AFP) promoter, which is expressed in about 40% of primary liver tumors (Mawatari et al 
Cancer Gene Then 5 (1998) 301), Previous studies have shown that human AFP promoter mSt^^ 
express^ of a reporter gene in hepatocarcinoma cells. Furthermore, selective hepJL^ 
AFP promoter has been observed in the context of retroviral vectors. 

the Aldolase A promoter, which is expressed in liver tumors, particularly in patients with HOC (Moch el al Trans- 
genic Research 7 (1998) 113 ; Guillouzo et al.. J. Cell Sci. 49 (1981) 249) 

the Pancreatic-associated protein (PAP/HIP) promoter, which is overexpressed in up to 70% of hepatocarcinoma 

inS? Talb 105) " ^ PAP/H ' P Pr0m ° ter aPP ^ arS l ° be "™ -gulaLdt^CC c^ 
and a 1 .3 kb fragment thereof directs highly preferential expression into HCC cells 

the carcinoembryonic antigen (CEA) promoter, which is particularly active in colon carcinoma (CC). This promoter 
has already been shown to remain selective in a viral context (Richards et al.. Hum. Gen. Ther 6 (1 995) 881 ) 
the glial fibrillary acidic protein (GFAP) promoter and the myelin basic protein (MBP) promoter, which have both 
been shown to preferentially initiate transcription in glioblastoma cells (McKie et al., Gene Ther 5 (1998) 440 
Morelli et al., J. Gen. Virol. 80 (1999) 571). »»("swi*hj, 

interleukin promoters, which may be used to provide preferential expression in certain hematopoietic cells. 
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. any PM Mud* ■» ««-««-•«-« 

transcriptional activator. 
[0 113] .tshou.dbeunderstoodthatanyotherpromote^^^ 

expression may be used by the skilled artisan. Mntm i| pd bv the nroduct encoded by the polynucleotide 

[0114] inanomerpartteularetr^^ 

Lb. For instance, the polynucleotide may c ™^^^^^^ Kinase, cytosine 

be used to destroy infected cells. Such ^^^^^^^ZZ(e g , a nucleoside analog or 5-FU, 
desaminase, derivatives thereof and the l,k ^'tZ ^ 

ism. A particular example of such a polypeptide is a-galactosy X ™?"™*^*^ celte ^ creates particular 
(Neoplasma 43 (1996) 285). aGAL4 is a ^'^V™ which motif is not 

g,ycosy.ation motifs. More particular «GAL4 ^^^^S^^^^ have ^ leVe,S ° f 
present on human cells. This motif is ^TZT^^mZ encS ng such a polypeptide in the replicating or 
natural antibodies directed against ,t. By introduc.ng a n ™ [ *^^"*^JJ£ il S adlati ce ils destroyed by 

encoding a <xGAL4 polypeptide. ■ mi , M.tWM more Dreferablv from microorganism against 

[0116] Other examples of such poypeptries include P^J^^^ ^ nepati t is ) and/or immuno- 

which people are or can be vaccinated (such as ant.gen.c pep ^^^^^^ pofyn ucleotide raises 
stimulating molecules (such as interleukin-2 for to an immune reaction 

an immune response of the host against sa ,d P«*«^«» e ™ 
againstceNs infected wKhtheretrovi^^^^ 

effect of control.^ virus spread when the * of replicating or semi-rep.i- 

c^Sgl^^^ — ^neous, separate or 

sequential use. comprises the administration of neutralizing compounds 

[0118] Still another approach to control virus spread in v 'y°' «™P tn retrovirus es In this regard, several 

such as neutral*ing antibodies or antiviral compounds, which can vectQr comprise an ant , 

retrovirus-neutralizing monoclonal antibod.es have been disc lose ^ art ™™ mjcro organism that are 
genie peptide from a micro organism such as tetanus taxed, also include, 

commonly used in the clinic can be used advantageous^ m tr-MMng. Suable ant, wa. c p 
for instance, AZT (zidovudine) or otherdideso^nu^ 

oxyionisine), antiproteases, such as protease pi 2 and protease pi 5 inn ronoi , inve ntion therefore 

III in a particular embodiment, the method of delivenng ^T^^^^^ZZ above and (I) a 
comprises the co-administration of (i) replicating or ^^P 1 ' 0 ^^ as Fab fragments, 

rJndzmg compound, such as a neutralizing monoclonal "^^^^^SLmrii, the replicating or 
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(modified) envelope proteins against which the host organism is already immunized, or can be easily immunized. In 
this regard, where the host already exhibits anti-env antibodies, viral spread will be limited. Alternatively, in order to 
control virus spread, the host subject may be immunized, prior to or at about the same time, or after administration of 
the retroviral construct (e.g.. by using a polio vaccine where the retroviral construct is pseudotyped (expresses) the 
polio envelope, optionally in combination with other retroviral envelopes, such as MoMLV or HIV envelopes). Alterna- 
tively, the envelope protein may be modified as described above, to contain an epitope that is recognized by antibodies 
or immune cells of the host organism. In this regard, epitopes may be introduced in the envelope protein without 
significantly altering the activity of the envelope, said epitopes being exposed at the surface of the viral particle or at 
the surface of cells infected therewith. The epitope may be selected among epitopes against which human beings are 
or can be easily immunized. Such epitopes include for instance any immunogenic peptide derived from tetanus toxin, 
flu virus, poliovirus, measle virus, hepatitis viruses... The epitope or peptide, should be of sufficient size to ensure a 
proper conformation allowing recognition by antibodies or could be short sequences generally below 20 amino acids, 
more preferably below 15 amino acids, when recognition by CTLs is sought. The antigenic peptide is preferably intrc^ 
duced at the C-terminal end of the envelope, to ensure exposure thereof. Upon administration (or in vivo production) 
of such viruses, the viral particles that disseminate can be neutralized and eliminated by antibodies of the host and 
the infected cells destroyed by antibodies or immune cells. In this respect, in a particular embodiment, the epitope(s) 
comprises at least a class I CMH epitope, that is recognized by CTL lymphocytes, leading to elimination of infected 
cells. These represent particular embodiments and methods / or controlling viral spread. 

20 Envelope modification to increase packaging efficiency 

[0120] As mentioned above, the inventors of the present invention have surprisingly shown that the env gene exerts 
a negative effect on encapsidation of a retroviral genome in a retroviral particle. This unexpected discovery opens new 
strategies to increase retroviral vectors' packaging efficiency by modifying the env gene. In this regard, the invention 
also resides in a method of increasing packaging efficiency of a retroviral vector, the method comprising modifying the 
env gene in said retroviral vector to create a non-functional env gene. Modification more preferably comprises deleting 
all or part of the env gene, more preferably the entire env coding sequences. This method can be applied to all types 
of retroviral vectors as mentioned above, and is particularly suited for producing inter-dependent retroviral vector sys- 
tems in which at least two retroviral constructs are being used (either simultaneously or sequentially^ one of which 
30 being env-defective. 

[0121] As will be disclosed in the following examples, the instant invention now provides very efficient compositions 
and methods for delivering polynucleotides to ceils in vitro, in vivo or ex vivo. The invention can be used for experimental 
research, clinical research, in human and/or animal, as well as for therapeutic, diagnostic or prophylactic treatments. 

35 LEGEND TO THE FIGURES 
[0122] 

Figure 1 : Construction of piasmid pGH45 
Figure 2 : Construction of piasmid pGH2 

Figure 3: Molecular design of the replication competent MoMLV vector. In MoMLV, the open reading frames gag- 
pol and env are expressed from a common promoter in the 5*-LTR (arrow) by alternative splicing. To construct the 
replication competent vector GH20, an additional splice acceptor site was introduced downstream of the env gene 
of MoMLV by duplicating 0,4kb of the pol sequence containing the natural acceptor region (SA). The reporter gene 
EGFP was placed downstream of the second SA. The spacing between the SA site and the start codon of the 
transgene is similar to that of the env transcription unit. 
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Figure 4: Propagation of the vector. Subconfluent monolayers of NIH 3T3 cells were infected with the replicative 
construct GH20 (A) or with a non replicating EGFP expressing vector (B) at a low m.o.i. Fluorescent focuses were 
photographed 3 days post infection. 

Figure 5: Serial infections. NIH 3T3 cells were infected with the vector GH20 at maximal 10 3 focus forming units 
per well. After 3 days supematants were harvested and diluted for the next round of infection. The supernatants 
were tittered on NIH 3T3 cells by fluorescence microscopy. 

F'S ure6 : Titration of the vector SOOuJ of supernatant from a GH20 producer cell pool was used to infect 105 mih 
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S & supernatant ,B, ane, united N.H 3 T3 * (0, aho»n. 

Fiqure 7 : PCR assessment of wt rearrangements. 

A) A vector specifb PCR product was amplified spanning from the MoMLV env to the terminus of the EGFP 
reporter gene. , TR res pectively, gives a 1 kb fragment 

performed in an equivalent background of NIH 3T3 genomic DNA. 
signal- polyA= SV40 polyadenylation signal). 
20 particles. 

niir^^^^ 

a, n, 427 is the «op eodon o a™ E .men > « n. 437 » ° „„ , , . spfc , 

the SA site, which ends at element (IV), at nt bu^. t nis region **o k R40 , ajg , j tne 

acceptor stte. Element (III), nt 532 - nt 540 represent the splice acceptor s,te. Element (V) at nt 840 (ATG) 
start codon of EGFP gene. 
i^Cc^oM^naaxp^^ 

GFP expressing cells is indicated by the dashed area of the bar. 

Figure1 3 : Treatment of established tumor by rep.icative or defects vectors transducing a TK/GFP fusion gene. 
EXAMPLES 

a . Preparation and uses of replir «*in« viral constructs 

any gen., precadad by a copy o. .hayiral sp.iea <* »>° <** 

LTR-gagpol-eny.EGFP-LTR. Bawaan ,ha an. £» ^<£™^™Z Th a machanLs - «*» ~n.ro. m 
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A.1. Construction of the repiicative vector pGH45 (FIGURES 1-3) 

[0125] The piasmids pMLM38 et pET47 were used as a source for the sequences around the splice acceptor site 
to be introduced into the vector. The transcriptional start site of the transgene at the intended splice acceptor site 
s contained an additional aberrant ATG signal and was corrected as follows* 
pGH1 

[0126] The plasmid pMLM38 was cut with Not! and Aval and a synthetic linker consisting of the oligonucleotides 
GH51 (5--GGCCGCTA TTTAAATGGC CGGCCTTAAT TAAAGTCTAG AGGATGGTCC ACCC ■ SEQ ID NO 2) and 
GH52 (S'-CCGGGGGTG GACCATCCTC TAGACTTTAA TTAAGGCCGG CCATTTAAAT AGC ! SEQ ID NO* 3) was 
10 inserted. The resulting plasmid was termed pGH1 . 
pGH2 (Figure 2) 

[0127] A 0,4kb fragment containing the corrected region was isolated from pGH1 by Sfil and Fsel digestion and 
cloned into Sfil / Fsel cut pET47. The resulting plasmid pGH2 is identical to pET47 with exception of the improved 
transcriptional start region of the transgene. 
is [0128] The assembly of the repiicative vector pGH2, containing the entire MoMLV proviral genome, including the 
open reading frames gap-pol and env and the EGFP reporter gene was done as follows" 
pGH10 

[0129] The 3' prime portion of the MoMLV env gene was amplified as a 0,75 kb PCR fragment with the primers GH10 
forward (AGTACCGGGA TTAATCCATG CATCTCCACC ACCATACTG ; SEQ ID NO: 4) and GH10 reverse (TAT- 
GGTCTCT AG ACATATGC TAT GGCTCGT ACTCTATAGG CTTCAGC ; SEQ ID NO: 5) and the plasmid pNca as tem- 
plate. The PCR product was cut with the enzymes Asel and Xbal and ligated int Ndel / Xbal cut pUC 18 to give pGH10. 
pGH11 

[0130] The plasmid pGH2 was digested with Ndel and Sad to isolate a 1 ,6kb fragment containing 400bp of the 3' 
-terminal of the MoMLV pel gene, the entire EGFP reading frame and 3' -LTR sequences. Ligating this fragment to 
2S Ndel / Sad cut pGH10 resulted in the plasmid pGH11 . 
pGH12 

[0131] P GH1l was cleaved with Nhel and Afllll to insert a 0,75kb fragment from pNca (Colicelli J., J Mol Biol 199 
(1988) 47-59) thereby completing the 3* -LTR. The resulting plasmid was termed pGH12 
PGH20 

30 [0132] A bp fragment was obtained by digestion of pGH12 by the enzymes Nsil and Afllll. This fragment was ligated 
into Nsil / Afllll cut pNca to give pGH20. The plasmid pGH20 contains a functional replicating EGFP expressing retroviral 
genome. 

[01 33] The elements of the vector pGH20 are mapped as follows (see Figures 1 and 3): 

35 1 -593 5'-LTR 

1070 - 2684 gag, complete coding sequence 

1070 - 6284 gag-pol, complete coding sequence 

5942 - 5951 splice acceptor site 

6226 - 8223 env ecotropic, complete coding sequence 
40 8231 - 8596 pol sequences, partial (Ndel-Xbal) 

8316 - 8325 spice acceptor site (SEQ ID NO: 6) 

8634 - 9353 EGFP gene, complete coding sequence 

9416-10008 3' -LTR 



45 
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[01 34] The vector pGH20 was improved by deleting plasmid sequences that lead to homologous recombination and 
thus to occasional wt-formation during replication. The improved construct designated pGH45 was constructed as 
follows (see Figure 1): 
pGH43 

[01 35] In order to manipulate the region upstream of the 5'-LTR, the 3'-half of the retroviral sequences were deleted 
from the plasmid pNca by digestion with the enzymes Ncol and Afllll and religation. The resulting plasmid was termed 
pGH43. 

pGH44 

[01 36] pGH43 was cleaved with EcoRI and Nhel and a synthetic linker consisting in the annealed oligonucleotides 
GH43/1 (AATTCAATGA AAGACCCCAC CTGTAGGTTT GGCAAC ; SEQ ID NO: 7) and GH43/2 (CTAGGTTGCC 
AAACCTACAG GTGGGGTCTT TCATTG ; SEQ ID NO: 8) was inserted. Thus, in the resulting plasmid pGH44, 160bp 
of the plasmid sequence upstream of the proviral genome are removed. 
pGH45 

[01 37] A 4,2 kb fragment containing the corrected sequence was isolated from pGH44 by EcoRI / Sail digestion and 
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ligated into EcoRI / Sail cut vector pGH20. The resulting corrected plasmid is termed pGH45 and is of the same proviral 

sequence as pGH20. 

[01 38] Structural map of pGH45 

7 - 599 5*-LTR 
1076-2692 gag 
1076 -6292 gag-pol 
5948-5957 splice acceptor site 
6232-8229 env ecotropic 
8237-8600 pol sequences (Ndel/Xbal) 
8322-8331 splice acceptor site 
8640-9359 EGFP gene 
9422-10014 3-LTR 

in the MoMLV pol gene, comprising SEQ ID NO: 6 or a variant thereof. 
Ag Propagation and Transqe ne expression 

r0141l Proviral DNA was transfected into NIH 3T3 cells by calcium phosphate precipitation and supemata ,nts were 
[0141] Krovirai uin« wd .... Mll . „ T o ca ,. s were used for the establishment of producer pools and for 



of the vector. 

A3 Genetic Stability 



[0 1 42] Genomic rearrangements ,eading to wild type (wt) formation are a well 

transfection most probably accounts for the observed rearrangements. 
A4 Arrestment of the vector by targeted deletion 

[01431 The duplication of the SA region in the vector resulted in a 0,4kb tandem repeat. ™^^^J^ 
affecting the expression of the gene of interest. 
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DISCUSSION 



[0144] Retroviral vectors, that are stably expressing a transgene and that are replication competent in mammalians 
represent -due to a notably enhanced transduction efficiency- a useful tool for delivering polynucleotides to cells in 
™ m m,w' ?? Q % ne theraW We attem P ted a mu,ti P ,e alternative splice approach for the expression of a reporter 
gene in MoMLV The efficient translation of the transgene and the propagation of the vector strongly indicate a balanced 
distnbut.on of the splice products. Of course, variants of the presented vector with alterations in the second splice 
acceptor region can be constructed in order to improve the effects on splicing and on the arrestment rate by env 

10 pSof ITdays 9 9en ° miC St3bi,ity ° f me COnStmCt ^ PCR feVea,ed n ° reV6rtant structures arisi "9 during a 
B. Constructio n and uses of semi-replicating viral constructs 

[01 45] The general concept is to generate two transcomplementary retroviruses, that each carry a transgene Both 
types of retroviral particles are pseudotyped with two different envelopes, so that one single cell can be infected by 
these two types of transcomplementary retroviral particles: a cell doubly infected will itself produce novel retroviral 
particles of both types, and so continue the propagation of the transgenes. 
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B1. Description of « vi ng-vano » plasmid construction (See figure 8) 

[0146] The ying-yang plasmids contain the four following expression cassettes (see figure n° 8): 
Cassette n°1: 

- LTR 5' of Mo-MLV (derived from PNCA (Colicelli J. J. Mol. Biol., 1 988, 1 99:47-59)) 
The splice donor site of Mo-MLV 

- packaging (y) sequence of Mo-MLV 

■ The gag-pol coding sequences. However, the pol gene has been deleted at its 3' end at the Xba I site (position 
of PNCA) and an artificial STOP codon has been added downstream of Xbal site. This deletion without af- 
fecting the actrvity of pol gene, reduces the possibility of recombination with the env expression cassette 
Within the pol gene (upstream of Xbal site), is located the splice acceptor site of Mo-MLV. 

- The polynucleotide, which can be a marker gene (like - galactosidase, Enhanced Green Fluorescent Protein) 
or a therapeutic gene (HSV-TK, cytokines ). The polynucleotide is expressed after splicing of RNA be- 
tween donor and acceptor site (see upstream). 

- 50 base pairs preceding LTR 3* of Mo-MLV and containing the poly-purine tract 

- LTR 3' of Mo-MLV 

Cassette n°2: 

- The CMV enhancer and promoter sequences, derived from commercial plasmid pUTSVI (Cayla Toulouse) 

- The gp 70 coding sequences of feline Rd1 1 4 oncornavirus derived from FBRDSALF plasmid (Cosset et al J 
Virol (1995) 69:7430-7436). 

The polyA sequences of SV40 virus. 

45 Cassette n°3: 

- LTR 5' of Mo-MLV (derived from PNCA (Colicelli J. J. Mol. Biol., 1988, 199:47-59)) 
The splice donor site of Mo-MLV 

- The packaging ( ¥ ) sequence of Mo-MLV with downstream sequences (various lengths possible) which also 
contnbutes to the encapsidation efficiency: These downstream sequences contain the beginning of gag- there- 
fore, to prevent the initiation of translation of gag, the ATG of gag has been mutated. 
The env4070A coding sequences. 

• The IRES sequence (Internal Ribosomal Entry Sequence) of ECMV, derived from pCITE plasmid (NOVAGENV 
this sequence allows the reinitiation of translation. 

- The polynucleotide, which can be a marker gene (like D-galactosidase, Enhanced Green Fluorescent Protein) 

or a therapeutic gene (HSV-TK, cytokines ). The polynucleotide can be the same than in construction n°1 

or can be another one. 

- 50 base pairs preceding LTR 3' of Mo-MLV and containing the poly-purine tract. 
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LTR 3' of Mo-MLV 



Cassette n°4' 

in cassette n°1. 
- The polyA sequences of SV40 virus. 

,0,5,, C*™^"^™,^ 

Ihese new retroviral particles are able lo Iransl.i <Me POTS ' ' ^ and lhe pfaj, traregene). 

ST^Sn.n alL an -mJL, p~p.ga.lor. ol .he polynucleo.io. Cor ««4 

/n i/frro experiments: 

[0 1 521 T h e proof of concept of . ying-yang . retrovira, 
bytransfecting cells in vitro, fol^ 

in HCT116 ce,ls successively transited by P ,ng and pon , plasm.ds , ^ ^ cel|s . Wnat , s more . 

when nearly 100% of cells can be detected as gfp-posrtwe ceHs of propagation 

when naive HCT116 cells are infected wrth supernatant of iwSted cells. This phenom- 

of polynucleotide expression is still observed, " ^^ rt ,^^^^ 9 d ce.ls infected with the 

enon can also be reproduced with the « ^^^^^L^^T (data not shown). These 

as a VWff effect with a single envelope". djjutjon (see Tab|e 

[0153] To further characterize th,s ^^^"f w ^ doub e plitive »: the infection of HCT116 ce.ls 



Tahi^ v Analvsis of clones obtained from ying-yang HCT116 cells 


after limited dilution. 


Number of clones 


expression ol GFP 


Titer (part./ml) 


Ping/pong effect 


5 


+ 


104-5.10 6 


+ 


33 


+ 






2 









R3 in vivo experiments: 

mix of clonal double-positive ying-yang HCT11 6 ce lto ^™™™' V? 6 ' Tne mice were sacrificed after 
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HCT1 16 cells did not show any propagation, the mix with ying-yang HCT116 cells presented a very high propagation 
(See table 2). The phenomenon of ying-yang propagation is still observed in these in vivo experiments. This in vivo 
propagation is further illustrated by the fact that a single injection of supernatant (containing 10® particles) can induce 
1 % of positive cells in the whole tumor. 

[01 55] Table 2: in vivo experiments. 10 7 HCT1 16 tumor cells were injected into nude mice. In the case of infection, 
the supernatant was injected when the tumor was 5mm large. Mice were sacrificed 3 weeks after the injection of tumor 
cells, the tumor was digested by collagenase, and live cells sorted by a percoll gradient. Live HCT116 cell were analyzed 
by FACS for the expression of gfp protein. 



Expt/Resuits 


% positive cells 


% positive cells 




fdav O} 

I way 




Mixed cells 








n ^PA 


l U /o 


mouse 2 


0.5% 


12% 


mouse 3 


2% 


20% 


mouse 4 


2% 


35% 


mouse 5 


20% 


54% 


Naive cells 






mouse 1 


0% 


0% 


mouse 2 


0% 


0% 


Infected cells 






mouse 1 


0% 


0.5% 


mouse 2 


0% 


1.5% 


Control Ping cells 






mouse 1 


17% 


17% 


mouse 2 


17% 


16% 



[01 56] Conclusion: a highly effective ying-yang effect was observed that propagates the polynucleotide in cells trans- 
fected with the ping and pong retroviral constructs. The ying-yang effect observed with the supernatant of ying-yang 
infected cells can be considered as a "ying-yang effect with a single envelope". This must be due to the fact that cells 
infected with pong particles do not express any envelope glycoprotein, and can then be reinfected with ping retroviral 
particles, to form new stable packaging cell. 

[01 57] Some double-positive clonal ying-yang HCT1 1 6 cells do not show the presence of any recombined replicated 
retroviruses as tested by nested PCR, which confirms that the propagation of transgene observed is due to a ying- 
yang effect. 

[0158] Of course, the same effect may be obtained using other types of semi-replicating retroviral constructs, such 
as for instance with: 
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the use of stable packaging cells that produce ping and pong particles, 
the use of supernatant containing ping and pong particles, 

the use of three different envelopes, one for pong plasmids, and the two others for two ping plasmids carrying 
different envelopes, which should further enhance the propagation, 

the use of targeted envelope glycoproteins, tissue-specific promoters or chimeric LTR to enhance the efficiency 
and/or the specificity of expression of the different components. 

C. In vivo tumor regression using replicating or semi-replicating viral constructs 

[0159] This example confirms the efficacy of the present invention, by illustrating tumor regression in vivo using 
replicating or semi-replicating viral constructs expressing a thymidine kinase polypeptide. More particularly, packaging 
cells producing replicative retroviral construct were injected into mice, either in combination with tumor cells or directly 
into established tumors. Gene transfer was assessed as well as tumor regression (or size) upon administration of a 
nucleoside analog (e.g., gancyclovir). 

[0160] Two packaging cell lines were used in these experiments: 
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. classical packaging cells (control ) expressing non packageable gag/pol and env genes together wrth a package- 

able defective retroviral vector, and thus producing infectious but defects retroviral particles, 
- ?£%£Z£2!> a packageable replicative wild type retrovirus and a packageable defective retroviral vector 
(Te twrtranscomplementing retroviral constructs), and thus producing infectious and relative partic.es. 

CA Co-iniection of tumor cells and packaging cells 

r0161l In order to compare the properties of replicative and defective retroviral vectors in a quantitative manner 
mixture of DHDK12 tumoVcells (98%) and packaging cell lines (2%) producing either replicative or defect W eretrov,ra 
vectors uansducing XgFP were prepared. 10 millions cells were injected subcutaneously in nude mice (day 0) At 
£T^swe™pZ«l in twogroups, one receiving ganciclovir (150 mg/kg/jour) for 7 days Mice were then 
sacrLSTdly 14). TheLors were dissected, wheighted, and the percentage of GFP expressing cells was measured 

^™ on Figure 12. These results 

s much more efficient with a replicative than a defective vector as assessed by the proport.on of GFP expressing cell 
EST^SJSSifl ganciclovir; (ii) GCV treatment reduces dramatically the number of GFP expressing 
n both qZds L a siqnmcant reduction of the tumor volume is only observed in the group receiving the replicate 
^S^^SSS^ in accordance with the efficiency of transgene transductfcn. It should be noted that 
mtexperTment was performed in nude mice and therefore there is not a full eradication of the tumor wh,ch requires a 
20 competent immune system. 

C2 Injection of packaging cells into es tablished tumors 

[0163] Subcutaneous tumors were first generated in nude mice by injection of DHDK12 cells. ^ dajuj^ *. 
25 umors are palpable, they were injected with approximately 3x106 packaging cells releasing either a repl.cat.ve i or a 
de^ITe rSSL vec J transducing TK/GFP. 7 days later, animals were treated or not with ganciclovir for 7 days. 

loZ ^P^^gu* 1 3 show that on.y replicative vectors lead to a significant transduction of the 

tumor cells and therapeutic effect. 



10 



15 



30 



35 



40 



45 



so 



55 



22 



EP 1 059 356 A1 



SEQUENCE LISTING 

<110> Universite Pierre et Marie Curie (Paris VI) 

<120> Replicating or Semi-replicating viral constructs, 
preparation and uses for gene delivery 

10 <130> B0017EP2 

<140> 
<141> 

15 

<160> 8 

<170> Patent In Ver. 2.1 

20 

<210> 1 
<211> 14 
<212> DNA 

<213> Artificial Sequence 

25 

<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

30 

<400> 1 

gcaccatcct ctag 



<210> 2 
<211> 52 
<212> DNA 

<213> Artificial Sequence 

40 

<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

45 

<400> 2 

ggccgctatt taaatggccg gccttaatta aagtctagag gatggtccac cc 52 



<211> 52 
<212> DNA 

<213> Artificial Sequence 

55 

<220> 
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<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 3 

ccgggggtgg accatcctct agactttaat taaggccggc catttaaata gc 



<210> 4 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 4 

agtaccggga ttaatccatg catctccacc accatactg 



<210> 5 
<211> 47 
<212> DNA . 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
oligonucleotide 

<400> 5 

tatggtctct agacatatgc tatggctcgt actctatagg cttcagc 



<210> 6 
<211> 1100 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Partial 
sequence of pGH45 



<400> 6 

tctaacctag aaaagtctct cacttccctg 
ctagacttgt tatttctaaa agaaggacgg 
ttctatgcgg accacacagg actagtgaga 
aatcagagac agaaactgtt Lcagtcaact 
tccccttggt ttaccacctt gatatctacc 



tctgaagttg tcctacagaa tcgaaggggc 60 
ctgtgtgctg ctctaaaaga agaatgttgc 120 
gacagcatgg ccaaattgag agagaggctt 130 
caaggatggt ttgagggact gtttaacaga 240 
attatgggac ccctcattgt actcctaatg 300 
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attttgctct tcggaccctg cattcttaat 
tcagtggtcc aggctctagt tttgactcaa 
gagccatagc atatgagatc ctatatgggg 
ctgacatgac aagagttact aacagcccct 
tagtccagca cgaagtctgg agacctctgg 
cggtggtacc tcacccttac cgagtcggcg 
agaacctaga acctcgctgg aaaggacctt 
tcaaagtaga cggcatcgca gcttggatac 
ggggtggacc atcctctaga ctttaattaa 
tggtgagcaa gggcgaggag ctgttcaccg 
gcgacgtaaa cggccacaag ttcagcgtgt 
gcaagctgac cctgaagttc atctgcacca 
tcgtgaccac cctgacctac ggcgtgcagt 
agcacgactt cttcaagtcc 



cgattagtcc aatttgttaa agacaggata 360 
caatatcacc agctgaagcc tatagagtac 420 
cacccccgcc ccttgtaaac ttccctgacc 480 
ctctccaagc tcacttacag gctctctact 540 
cggcagccca ccaagaacaa ctggaccgac 600 
acacagtgtg ggtccgccga caccagacta 660 
acacagtcct gctgaccacc cccaccgccc 720 
acgccgccca cgtgaaggct gccgaccccg 780 
ggccggccat ttaaatagcg gccgccacca 840 
gggtggtgcc catcctggtc gagctggacg 900 
ccggcgaggg cgagggcgat gccacctacg 960 
ccggcaagct gcccgtgccc tggcccaccc 1020 
gcttcagccg ctaccccgac cacatgaagc 1080 

1100 



<210> 7 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 7 

aattcaatga aagaccccac ctgtaggttt ggcaac 



<210> 8 
<211> 36 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
Oligonucleotide 

<400> 8 

ctaggttgcc aaacctacag gtggggtctt tcattg 
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Claims 



1. The use of repeating or semi-replicating viral construct(s) for the preparation of a compost for gene deiivery 
into cells in vivo, ex vivo or in vitro. 

2. A recombinant, replicating retrovira, genome comprising a P o,ynuc,eotide inserted outside of the LTR sequence. 

3 . A recombinant repeating retrovira. genome, where*, said genome comprises a polynuc.eotide and encodes a 
modified envelope glycoprotein. 

• . 4 oni whprein the Dolvnucleotide is inserted downstream of 

4 - :r?r^2^=*«= : - « - - - 

5 a -acenbinan. rapping ™u«M gsno™. o. any on. d <*m. 2 *> 4 «h-n ma pCnudaCda is «n*r th. 

transcriptional control of a regulated promoter 

A recombinant replicating retrovira. genome of Cairn 3, wherein the modeled enve.ope glycoprotein comprises a 



6. 

selected epitope 



7. A 

host range 



5 



recombinant relating retrovira. genome of claim 3, wherein the modified enve.ope glycoprotein has a modified 

Dst range. 

encoding said activating polypeptide. 

9 . A recombinant replicating vira. construct, wherein said construct comprises a pCynuOeotide encoding <xGAL4. 

10 . A rep.icat.ng retrovirus, wherein said relating retrovirus comprises a retrovira, genome or construct according 
to any of claims 2 to 9. 

,1 A plasmid, wherein said p.asmid comprises a relating retrovira. genome, in particu.ar a relating retrovira. 

genome or construct according to any of claims 2 to 9. 
12. A composition comprising a retrovirus of claim 10 or a plasmid of claim 11 

1, A pharmaceutical composition comprising a replicating vira. construct or genome of anyone of claims 2 to 11 
14 . A retrovirus packaging cell, combing, integrated into *s genome^ recombinant retrovira, genome comprising 

at least one functional retroviral gene selected from gag, pol and env. 
15 A retrovirus packaging cell of claim 14. wherein said retrovira. genome is a replicating retrovira. genome. 
1S A retrovirus packaging ceil of claim 14. wherein said retrovira, genome is a semi-rep.icating retrovira. genome 

which comprises functions, gag and po. genes and .acks an env gene. 
n7 A retrovirus packaging ce., of Cairn 14. wherein said retrovira. genome is a semi-re P ,cating retrovira. genome 
' which comprises functional env gene and lacks gag and pol genes. 

,3. A packaging „,, - Cm U. ^^^^^^Zt^^ 

env gene and lacks gag and pol genes. 

1 9 . A retrovirus packaging ce.. of any one of claims 14 to 1 8, wherein said cel. is a mamma.ian ce„, preferably a rodent 
or human cell. 

20. A composition comprising a retrovirus packaging cell of any one of claims 14 to 19. 
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21. A retrovirus produced by a retrovirus packaging cell of any one of claims 1 4 to 1 9. 

22. A composition comprising a retrovirus produced by a packaging cell of claim 16 and a retrovirus produced by a 
packaging cell of claim 17. 

23. A composition comprising at least two retroviral constructs, for simultaneous, separated or sequential use, wherein 
said at least two retroviral constructs transcomplement each other when present in a cell, at least one of said 
retroviral constructs comprising a polynucleotide of interest. 

24. The composition of claim 23, wherein each of the at least two retroviral constructs lacks at least one viral gene 
selected from gag, pol and env. 

25. The composition of claim 23, comprising (i) a replicating retroviral construct and (ii) a retroviral construct lacking 
functional gag and/or pol and/or env gene, one or both of said retroviral constructs comprising a polynucleotide of 
interest. 

26. The composition of claim 25, wherein the defective retroviral construct (i) lacks functional gag, pol and env genes 
or (ii) lacks a functional env gene. 

27. The composition of any one of claims 23 to 26, wherein the polynucleotide is under the transcriptional control of 
a regulated promoter. 

28. The composition of any one of claims 25 to 27, wherein the replicating retroviral construct comprises a modified 
envelope glycoprotein, said envelope comprising a selected epitope or having a modified host range. 

29. The composition of any one of claims 25 to 28, wherein the replicating retroviral construct comprises a modified 
LTR region which is active in the presence of an activating polypeptide encoded by the replication-defective viral 
construct. 

30. The composition of any one of claims 23 to 29, wherein at least one of said retroviral constructs encodes a polypep- 
tide that renders infected cells sensitive to an immune system of a host organism. 

31 . The composition of any one of claims 23 to 30, wherein said viral constructs comprise, in combination or separately, 
a polynucleotide encoding aGAL4 and a polynucleotide encoding a cytrokine. 

32. The composition of any one of claims 23 to 31 , wherein said retroviral constructs are plasmids and/or retroviruses 
and/or retrovirus packaging cells. 

33. Compositions comprising at least two semi-replicating retroviruses, for simultaneous, separated or sequential use, 
said semi-replicating retroviruses (i) lacking at least one viral gene selected from gag, pol and env, (ii) transcom- 
plementing each other when present in a cell, (iii) comprising a polynucleotide and (iv) having a different envelope 
glycoprotein. 

34. Compositions comprising at least three semi-replicating retroviruses, for simultaneous, separated or sequential 
use, said semi-replicating retroviruses (i) lacking at least one viral gene selected from gag, pol and env, (ii) trans- 
complementing each other when present in a cell, (iii) comprising a polynucleotide and (iv) having a different 
envelope glycoprotein. 

35. A method for delivering a polynucleotide to a cell, tissue or organ, in vitro or ex vivo, comprising contacting said 
cell, tissue or organ with a composition of any one of claims 12, 20 and 22-34. 

36. Use of a composition of any one of claims 12, 20 and 22-34 for the preparation of a composition for delivering a 
polynucleotide to a cell, tissue or organ, in vivo, ex vivo or in vitro. 

37. The use of two or more semi-replicating retroviruses (i) having different envelope glycoproteins (ii) transcomple- 
menting each other when present in a cell and (iii) comprising a polynucleotide, for the preparation of a composition 
for delivering a polynucleotide to a cell, tissue, organ or organism. 
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a composition for delivering a polynucleotide to a cell, tissue, organ or organism. 



menace* -t I 



28 




nwcrmrjrv *-pp iossssbai I > 



29 



EP 1 059 356 A1 




Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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Figure 10 
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Figure 11 
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